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ε = 1
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K

(T, ε)

T = (T1, . . . , TK)

ε = k T = Tk

K

ε = 1



λ1(t) = lim
h→0

Pr(t ≤ T ≤ t + h, ε = 1|T ≥ t)/h

F1(t) = Pr(T ≤ t, ε = 1)

limt→∞ F1(t) = Pr(ε = 1)

⇒ K = 1

F1 λk k $= 1



H(t1, t2) = exp [1 − a1t1 − a2t2 − exp{a12(a1t1 + a2t2)}]

a1, a2 > 0 a12 > −1

λk(t) = ak [1 + a12 exp{a12(a1 + a2)t}] , k = 1, 2

a12 = 0

H∗

H∗(t1, t2) = exp

[
1 − a1t1 − a2t2 −

2∑

k=1

ak exp{a12(a1 + a2)tk)}/(a1 + a2)

]

∀ a12

λk



→

λ1 F1



λ1

F1 α1

λ1

Z

λ1(t|Z) = λ0(t) exp(βZ)



α1(t) = −
d

dt
log{1 − F1(t)}



λ11 = 3 λ12 = 2

λ21 = 3 λ22 = 1
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α1(t) = lim
h→0

Pr{t ≤ T ≤ t + h, ε = 1|(T ≥ t) ∪ (T ≤ t ∩ ε $= 1)}
h

T ∗ = 1[ε=1] × T + 1[ε$=1] ×∞



α1(t; Z) = α0(t) exp(γZ)

exp(γ) = θ

γ



Ri = {j : (Ti < Tj) ∪ (Ti ≥ Tj ∩ εj $= 1)}

t = Ti

i

j t

j

t
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X(t)



X(t) = 1{T ≤t}

γ X(t)



X(t)
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α1(t; X, Y ) = α0(t) exp(γX + bY )

X Y ρ

H0 : {γ = 0}
√

nγ̂



n =
e

ψ
=

(
uα/2 + uβ

)2

(log θ)2 p (1 − p)ψ(1 − ρ2)

θ = exp(γ)

p = Pr(X = 1)

ψ Ta

α β



ψ p ρ α β

θ

θ =
log{1 − F1(t; X = 1, Y )}
log{1 − F1(t; X = 0, Y )}



ε = 1

ε = 2



Ta F̂1 S E θ = log(1−F̂E(Ta))

log(1−F̂S(Ta))
e ψ(%) n

1 − K̂M 25.0%

ĈIF

1 − K̂M 63.5%

ĈIF

1 − K̂M 77.5%

ĈIF



⇒



(T1, T2)

(T1, T2) ∼

(M)





λ1(t; Z) = λ10(t) exp(β1Z)

λ2(t; Z) = λ20(t) exp(β2Z)

Z

α1(t; Z) = α10(t) exp(γZ)



γ

γ(t) = β1 + [a − Ψ(β1,β2)]t

+ log

[
Ψ(β1,β2)

a
×

a2 + a1 exp(−at)

a2 exp(β2) + a1 exp(β1) exp[−Ψ(β1,β2)t]

]

γ



γ

γ̂ γ

γ∗ γ∗

∫ ∞

0
E

{
f1(t; Z)

[
Z −

E[Z exp(γZ)(1 − F1(t; Z))]

E[exp(γZ)(1 − F1(t; Z))]

]}
dt = 0.

γ∗ / c0 + c1β1

c0 = c0(β2, V ar(Z)) c1 = c1(β2, E(Z))



a1 a2 a12 β1 β2 γ∗ (γ̂)(se)

5000 × (n = 400
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β̂i γ̂i

γ∗
1 = −1.10 (a1, a2) = (0.0198, 0.0405)





1(t) = Pr( t| t)



⇒ T ≤ T ≤ T


